The ringed seal (Phoca hispida) has always been a staple in the diet and household economy of Inuit in Canada. The present paper was prepared at the request of the NAMMCO Scientific Committee to support their assessment of ringed seal stocks in the North Atlantic Basin and adjacent arctic and subarctic waters. Specifically, our objective was to evaluate recent and current levels of use of ringed seals by Canadian Inuit. Annual removals probably were highest (possibly greater than 100,000) in the 1960s and 1970s, a period when sealskin prices were particularly strong. Catches declined substantially in the 1980s following a collapse in sealskin prices, presumably related to the European trade ban on skins from newborn harp and hooded seals (Phoca groenlandica and Cystophora cristata, respectively). Recent catch levels throughout Canada (1980s and early 1990s) are believed to be in the order of 50,000 to 65,000 ringed seals, with a total average annual kill (including hunting loss) in the high tens of thousands. No reliable system is in place to monitor catches of ringed seals, so any estimate must be derived from a heterogeneous array of sources.
INTRODUCTION

R
inged seals (Phoca hispida) have long been and continue to be important in the cultures and household economies of northern people. In spite of such importance, assessment of ringed seal populations has been hampered by the difficulty of estimating population sizes and catch levels. There is a long history of formal record-keeping in Greenland, but catch data in Canada can only be assembled from a mixture of government and private sources. Canadian records have been kept sporadically and for different purposes (Usher and Wenzel 1987) . Because the hunting of ringed seals is a casual, almost daily activity for many hunters, the very idea of keeping detailed catch records is daunting. As Brody (1976:162) observed about a land-use mapping project involving interviews with Inuit hunters: "In general, hunters did not consider they were seal hunting when they were travelling, even though they might kill seals along the way." Ringed seals essentially have the status of small game in the Canadian Arctic. Ubiquitous at campsites and stopping places on summer journeys by boat, they are taken frequently for camp meat (Fig. 1) . Hunters in the eastern Canadian Arctic and hunters from northern and western Greenland almost certainly take from a common stock (Kapel et al. this volume) .
At their annual meeting in February 1996, the NAMMCO Scientific Committee reviewed the status of ringed seals in the North Atlantic and adjacent arctic regions and made recommendations concerning future research (NAMMCO 1997) . In addition to papers on abundance, the committee received reports on catch data from (1) T.G. Smith purchased and examined 5,400 ringed seal specimens from hunters at Holman (Fig. 8 see later) between March and October 1971, a year in which the Northwest Territories (NWT) game branch reported 1,096, and records provided to Smith by the Hudson's Bay Company (HBC) indicated 3,614, skins traded at this same settlement (Smith and Taylor 1977) .
(2) Between the years 1965 and 1972, Grise Fiord (Fig. 5 see later) hunters sold only 13-61 % (average 37%) of the sealskins that they secured (Riewe 1977) , so in most years the trade data substantially under-represented the actual catch.
(3) Treude (1977) had difficulty reconciling what he learned from interviews -that 2,480 seals were taken at Pond Inlet (Fig. 5 see later) in the 1972-73 fur-accounting year (1 July to 30 June) -with the fact that only 703 sealskins were traded officially that year despite the fact that high prices were being paid for sealskins. He speculated that many hunters had been "involved in a government assistance program, which made it possible to ship skins to auctions in the South, circumventing the middlemen" and resulting in under-reporting in the official fur trade statistics. This speculation is consis- tent with the conclusion by Smith and Taylor (1977:2-3) that: "In recent years with more Inuit selling furs to individuals and outlets other than the Hudson Bay Company, unrecorded sales of pelts .. . introduce a greater error in harvest records."
These types of uncertainty must be borne in mind whenever removal data are derived from trade records.
According to Mansfield (1967) , the maximal number of ringed seal skins traded annually in Canada up to 1962 was about 20,000. He considered this to represent approximately half the secured catch. With the rise in world prices of sealskins that year (see below), the number of skins traded increased to about 70,000, which Mansfield (1967) believed represented most of the annual kill. The sealskin trade remained at this high level until 1966, when prices declined and about 50,000 skins were traded annually (Mansfield 1970 Smith and Taylor (1977) compiled the HBC trade data and information contained in game reports of the Royal Canadian Mounted Police (RCMP) from 1962 to 1972, giving for each data set, by locality, the maximal reported catch in one year, number of years with records and mean annual catch. Their study included all settlements in the NWT and northern Quebec (coasts of James Bay, Hudson Bay, Hudson Strait and Ungava Bay; Figs 2 and 6) but did not include the Labrador coast. They considered the main value of these data to be as "indications of the relative numbers of seals taken from one community to the other," rather than as indications of total removal rates. In his separate compilation for Hudson and James bays, Smith (1975) considered the maximal reported catches to be reasonably indicative of the "potential harvest" for each community. Davis et al. (1980) took the data used by Smith and Taylor (1977) a step further. They reasoned that if one were to sum the maximal one-year
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Baffin Bay reported catch (based on sealskins traded) for each community in the NWT between 1940 and -1972 , the total would be about 100,000 (actually about 85,000 based on Table 11 in Davis et al.(1980) ). Presumably, these authors meant to imply that 100,000 would represent a rough upper bound to the annual catch. It is not clear whether Davis et al. intended for their 100,000 figure to include an upward adjustment for bias in the skin returns caused by retention of skins for domestic use, incomplete reporting from some settlements, use of sealskins in handicrafts and failure to trade damaged skins (Davis et al. 1980) . Myers (1982) reported that the average annual catch of ringed seals in the entire Canadian Arctic ranged between 25,000 and 75,000, but she provided no explanation of the basis for these values. During the late 1970s and early 1980s, the estimated annual landed catch of ringed seals throughout Canada was about 51,000, assuming a total catch of 61,000 seals and that 83 .7% were ringed seals (Stewart et al. 1986) . These values were based on hunter-recall studies, commercial skin sales and reports by government fishery officers (Stewart et al. 1986) . The average annual catch in 1981-83 for the eastern Canadian Arctic, including 14 Baffin region communities, Grise Fiord, Sanikiluaq, Igloolik and Hall Beach, plus their outpost camps, was estimated at between about 31,500 and 36,500 ringed seals, of which more than half were taken at Pond Inlet, Clyde River, Broughton Island and Pangnirtung (Donaldson 1988) . Yaremchuk and Wong (1989) estimated that about 37,000 ringed seals were taken in the NWT in 1984/85, citing Department of Fisheries and Oceans (DFO) unpublished data but giving no details. Kingsley (1990) considered 100,000 an underestimate of the annual catch in Canada, citing Smith and Taylor (1977) and Smith (1987) . He concluded, however, that "the total harvest of seals is difficult to estimate accurately, as there are no reliable statistics."
The above summaries leave no doubt that the annual secured catch of ringed seals in Canada is at least several tens of thousands. They also suggest that 100,000 represents an approximate NAMMCO Scientific Publications, Volume I upper bound. Much uncertainty applies to any regional or nation-wide estimate, however, due to heterogeneity in reporting procedures and other factors. Actual removals are difficult to estimate even at the village scale because of the great uncertainty surrounding hunting loss rates (see "Catching methods and hunting loss" below).
RINGED SEAL EXPLOITATION PRE-1920S
The ringed seal has always been a key resource in the household economies of Eskimo people in Arctic Canada (Maxwell 1985) . Small seals, principally ringed seals, were the most frequently identified species in 12 of 13 faunal analyses from Thule culture archaeological sites (Savelle and McCartney 1988 ; also see Savelle's (1994) more focused review of faunal analyses from Thule sites in the central and eastern Canadian Arctic). Referring to the ringed seal, Soper (1944:238) claimed that "the existence of this species alone renders life possible and supportable to a large number of Eskimos who dwell in comparative plenty on these bleak and storm-swept shores at the present day, as it has for their forebears for centuries past." The oil was used for cooking, heating and illumination. Skins were used for clothing (including footwear), tents, mats , lines, receptacles of various kinds, dog whips and harnesses, sled lashings and kayak covers (Tremblay 1921 , Soper 1928 , Wenzel 1991 .
Whalers, traders and explorers also hunted ringed seals. In written reports, including logbooks, journals and diaries, references to seals are often unspecified to species. Ross and MacIver (1982) , for example, were unable to distinguish for 2,169 seal kills mentioned by Davis Strait whalers, whether these were ringed seals or harp seals (Phoca groenlandica), but a large proportion were probably the former. Additional seals were killed by Inuit to help provision overwintering whaling crews . and semi-permanent trading stations (e.g. Ross 1975) . For the most part, however, the visitors preferred other types of game for their own consumption, so their demand for seal meat was mainly to feed sled dogs. Sealskins were only a "marginal item of exchange" until late in the 19th century after the stocks of bowhead whales (Balaena mysticetus) had been substantially reduced (Wenzel 1991; also see Lubbock 1937) . Some 3,700 skins per year were shipped out of Cumberland Sound between 1883 and 1903 (Goldring 1986) . At the time, the European demand was mainly for the sculps (blubber) attached to the skins, which provided oil to offset the declining availability of whale oil.
An important aspect of the European and American arrival in the north was the introduction of firearms (Miiller-Wille 1978) . Rifles were widespread in the Canadian Arctic by the beginning of the 20th century, and shooting had largely replaced harpooning as the method of choice for midwinter floe-edge and summer open-water seal hunting by the 1920s (Ross 1975 , Kemp 1984 . Use of rifles certainly increased the killing power of Inuit hunters and made them permanently reliant upon imported parts and ammunition. Firearms, however, probably had a greater effect on the hunting of species other than the ringed seal, like the caribou (Rangifer tarandus) and walrus (Odobenus rosmarus). Traditional methods of hunting ringed seals, including waiting for seals at breathing holes· (mauluktuk) and stalking them on the spring ice (uuttuq) , persisted alongside, and in fact simply incorporated, new technology (Wenzel 1991) .
THE WHITE FOX FUR TRADE ERA 1 920S TO MID-1 940S
With the decline and cessation of commercial whaling for bowheads in the eastern Canadian Arctic during the early 1900s, the fox fur trade became the main interface for economic and cultural exchange between Inuit and outsiders (Usher 1976a) . Although traders frequently complained about Inuit spending too much time sealing and not enough trapping, the two activities were more often complementary rather than competitive (Wenzel 1991) . During this era, the typical pattern was for sealskin trade figures to be lower in good fox years, "not because fewer seals were killed but because of 'the disinclination of the natives to clean and bring in the skins while they can obtain their requirements much more easily with fox skins'" (Goldring 1986 ; also see Wenzel 1991: his Table 6 .1). In good fox years, however, predation by foxes on young ringed seals would have had some effect on availability of seals, whereas in poor fox years the availability of ringed seal pups and juveniles would have been that much greater (McLaren 1958:65) .
There is no evidence that sealing effort varied in any major way during this era. On the contrary, the central importance of seals in the subsistence of Inuit (for human and dog food, heating and lighting oil, and clothing) ensured a certain constancy in demand, while decisions about whether or not to trade the skins responded to trapping returns and price fluctuations (Wenzel 1991) . This was an era of large dog teams needed to work traplines, and seal meat was regularly used as dog food (Fig. 3) . Seal meat and blubber were also used as bait by people who trapped along the coast (Usher 1976a ).
Slumping fur prices and a generalised economic depression in the late 1940s brought the fox fur trade era to an end.
POST-WAR DEMOGRAPHIC AND TECHNOLOGICAL CHANGES, LATE 1940S TO EARLY 1960S
Government-sponsored resettlement of Inuit from dispersed semi-sedentary villages into large permanent town sites had important economic and ecological ramifications (Wenzel 1991 (Treude 1977) . At Clyde, the population distribution changed from an average of 26 people per "camp" in the 1940s-early 1960s to almost 245 in the main settlement in 1971 (Stevenson 1972 , Wenzel 1981 .
For our present purposes, one of the most significant changes in northern life has been the people's increased reliance on and adaptation of imported technology for making a living. Motor-equipped whaleboats and freight canoes had already begun to replace the skin-covered kayak in many parts of the Canadian Arctic before the war, but by the late 1950s this substitution was essentially complete (Bissett 1968 , Kemp 1971 , Miiller-Wille 1978 . Also by the 1950s, the pressure stove had replaced the seal oil lamp as the primary heat source for the Inuit, and as a result the blubber of killed seals was underutilized (McLaren 1958 , Kemp 1971 .
New techniques for preparing hair-seal skins were developed in about 1962, and at the same time sealskins became more widely used to make clothing in Europe (Foote 1967) . These developments had a dramatic effect on skin prices. For example, in eastern Baffin Island skins of young ringed seals increased in value from C$4.00 per skin in 1955 to C$17.50 per skin in 1963, those of mature seals from C$1.50 to C$12.25 over the same period (Foote 1967 (Usher 1966 (Usher :67, 1971 .
The timing of the price increase was propitious as it allowed many hunters to save enough money to purchase snow machines, which were just entering the market (Kemp 1971) . By the midto late 1960s, the snowmobile had replaced the dog sled as the main form of winter overland and over-ice transportation throughout the Canadian north. For example, Pangnirtung had more than 75 working dog teams in the early 1960s but none left in 1968 (Smith 1973a (Treude 1977) .
People living in settlements and depending on dog-team travel hunted seals intensively in nearby areas. Once equipped with snowmobiles, however, they could spend more time in active hunting at greater distances from the settlements, with no appreciable increase in their time and energy investment. At Clyde, for example, after relocation to the town site, hunters spent more than twice as much time travelling by dog sled to and from the nearest good sealing area than they had done when hunting from their traditional villages. Equipped with snowmobiles, their travel time to the most-used winter sealing area was reduced by as much as 40% (Wenzel 1997) . Moreover, hunters achieved a wider pattern of dispersal, not least because snowmobiles allowed smaller cooperative units to function effectively. Formerly, groups of 4-6 men were needed to cover the breathing holes that might be used by a single seal in a specific area. Now, a two-person team was adequate. One man positioned himself at an active hole while the second drove the snowmobile in a cir- S. Leatherwood, NW Greenland, 1 June 1988) cle some 150m distant from the hole, in essence using the machine 's noise to prevent a seal from using distant holes. This shortfall was generally offset by the use of the snowmob"ile to hunt polar bears, with bear skins at the time valued at C$526 and with each hunter averaging two bear kills every three years (Wenzel, unpublished data) . The combined use of the snowmobile in seal and bear hunting therefore yielded a return of C$2,867, for a net gain of C$282.
ECONOMIC CHANGES, 1970S
When evaluated on a daily basis, the costs of snowmobile use compare favourably with those incurred to maintain a dog team. In the late 1960s, the average size of a dog team used for sealing at Clyde was 12-15 animals, requiring approximately one 45kg seal every two days. In 1971-72, the cash cost of five gallons of gasoline, generally enough for two days of breathing-hole hunting, was about C$lO. Thus, the cash received for one sealskin was sufficient to purchase fuel for two days of sealing. The difference is that with a dog team, the hunter fed the seal carcass to the dogs and sold the skin for cash to buy consumer goods of his choice, while the snowmobile hunter was obliged to use the money obtained from selling the skin to buy gasoline and spare parts, the seal carcass having little or no monetary value.
The high prices of the early to mid-1960s did not last, and by 1968 the NWT price was down to C$3.80 (Table 1 ). In summer 1967 there was no market in Alaska, while in Canada the HBC set an ex gratia price for social reasons (Foote 1967) . At the end of the 1960s, prices rose again, reaching C$13 for prime skins at Chesterfield Inlet (Wenzel 1978) and C$42 at Broughton Island (Jacobs 1975) . Average prices kept increasing until 1976-77, when they again declined abruptly (Table 1) . In November 1977 ringed seal skins in northern Quebec sold for C$1.25, those in the Keewatin for less than C$1.00 (Wenzel 1978) . By March 1978, however, the NWT-wide price had already rebounded to C$31 (Jelliss 1978) .
FURTHER FLUCTUATIONS DUE TO ECONOMIC AND REGULATORY CHANGES
The European Economic Community's (EEC's) ban on the importation of newborn harp seal and hooded seal (Cystophora cristata) skins, beginning in 1982, caused a sharp decline in the prices paid to Inuit for ringed seal skins (Table  1 , Fig. 4 ). This decline in price presumably accounts for the corresponding drop in the volume of sales. At Clyde, the average price per skin actually declined consistently from 1979-80 through 1984-85 (from C$23.09 to C$6.99); hunter participation in the sale of ringed seal skins dropped by about a third after 1981-82; and the volume of skins sold decreased by more than 50% after 1982-83 (Wenzel 1991 : his Table 6 .12). The 31,586 sealskins reportedly sold in Baffin Island in 1980-81 returned, on average, C$21.54; in 1983-84, only 5,766 skins were sold at an average price of C$9.00; in 1984-85, 3,747 at C$7.00 (Wenzel 1989) . Overall in Canada, the number of sealskins traded after 1982 declined by more than 50% (Stewart et al. 1986 ). In the Baffin region alone, the number of ringed seal skins sold declined by 91 % in five years, from 25,000 in 1980-81 to 2,300 in -86 (Donaldson 1988 .
The price of sealskins recovered substantially in 1987-88, to approximately the real value of the mid-1960s (Fig. 4) . Nevertheless, the volume of sales has remained far below those of the 1960s to early 1980s (Table 1) . Recorded Trends in average sealskin prices
in Canada (data from 1970 1975 There has always been considerable withinyear variability in prices paid by trading companies. Also, prices have differed from settlement to settlement and region to region. Official values, given as annual averages , mask this variability but can generally be considered useful for analyzing trends. In addition to the variability evident from the values mentioned in the previous section, a major difference in prices paid for ringed seal skins can be seen between the Baffin region and the Kitikmeot region (Central Arctic; see below) during the late 1980s and early 1990s (Table 2) . In 1987 and 1988, the Kitikmeot average price was nearly three times that of Baffin. Although the gap narrowed later, it remained in the vicinity of one and a half to two times through 1994.
SEALSKIN PRICING AND MARKETING
Skins from the three life stages of the ringed seal traditionally commanded different prices (McLaren 1958) : Whitecoats (unmolted pups) were "sought almost entirely for their trade val-1980 1985 1990 1995 ue." Silver jars (molted first-year pups) had "some value" as fur, whereas common jars (seals older than one year) were generally used locally (especially for making footgear) or sold for leather. At Pond Inlet, where 55-65% of the seal catch in the 1950s consisted of silver jars, their value was 18-105% higher per skin than that of common jars in the mid-1960s (Bissett 1968) . Whitecoats are hard to catch without a trained dog to detect the birth lairs, and even then many escape. The low return on effort means that little whitecoat hunting is done today (Riewe and Amsden 1979 In the early to mid-1990s, a local Initiative based in Pangnirtung sought to develop a market for sealskin products in Japan (Gregoire 1993 For the Lancaster Sound region (the three settlements of Resolute, Pond Inlet and Arctic Bay), Welch et al. (1992) estimated the annual "pre-snowmobile take" at 7,500, the 1980-84 catch at about 6,400 per year and the more recent catch at 6,000 ringed seals per year. Myers (1982: her Pond Inlet and Clyde River consistently had the highest catches in the eastern high Arctic, judging by trade data through the mid-1970s (Table  3 ; and see Stewart et al. 1986 : their Table 4 ).
Estimates of the secured catch at these two settlements in 1979, based on monthly game calendars kept by hunters, supplemented by recall surveys, were 2,487 and 4,733, respectively (Finley and Miller 1980) . These values are cer-5 km a 250 500
Baffin Bay
North Bay , 1924 , -74, from Usher (1975 a Mean number of sealskins traded or procured per year during the specified period, calculated for years with available data (it should not be assumed that no seals were taken in years for which no data are available).
b In years for which there are no data (i.e. pre-1955), the island was uninhabited so the take presumably was zero. (Finley and Miller 1980) , and an annual average of 757 from 1981 to 1983 (Stewart et al. 1986 ).
Summing the estimates for 1981-83, the five settlements in this region took an estimated total of 10,088 ringed seals per year.
Southeastern Baffin Island
We include only Pangnirtung, Broughton Island and Iqaluit in this region (Fig. 5) . The first two of these settlements have long been recognized for producing the largest annual catches of ringed seals in eastern Canada (Haller et al. 1967 , Smith 1973b , Smith and Taylor 1977 , Stewart et al. 1986 : their Table 4 ; and see our Table 14 ; also see our Table 3 ). Haller et al. (1967) estimated that about 1,000 ringed seal skins per year were used for domestic purposes by the Inuit of Cumberland Sound.
The estimated annual catches of ringed seals in 1981-83 were 4,590 for Broughton Island, 1,887 for Iqaluit and 4,937 for Pangnirtung (Stewart et al. 1986 ). An additional 1,051 seals to account for the takes at outpost camps (from BRIA 1983, assuming all to have been ringed seals) would give a total secured catch of some 12,465 per year in this region.
Hudson Strait and Ungava Bay
Catches at the NWT settlements of Cape Dorset and Lake Harbour (Qimmirut) (Fig. 5 , suIts of harvesting studies (Stewart et al. 1986 , Donaldson 1988 . Ringed seals provided about two thirds of the "game calories" for residents of Lake Harbour during the late 1960s (Kemp 1971 Smith (1975) summarized the available information on catches in Hudson and James bays based on sealskin trade records, and harvesting studies in the 1970s and 1980s provide estimates of secured catch that are independent of the sealskin trade (Tables 4 and 5 ; also see Stewart et al. 1986 ). Smith (1975) identified 1963 as the year with the highest number of sealskins traded in Hudson Bay overall. He increased the grand total of 11,828 by 26% to ac-
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count for seals that were killed but not recovered and for untraded skins (based on the reasoning given in Smith (1973b:49) in the context of Home Bay catches), giving an estimated total kill of 14,900 that year.
Judging by data from the sealskin trade and harvest studies, the settlements of Coral Harbour and Repulse Bay on the west side of Hudson Bay (Tables 3 and 5) , Igloolik in northern Foxe Basin (Table 3) and Inukjuak, Kuujjuarapik and Sanikiluak (listed as "Belcher Islands" in Smith 1975) in eastern Hudson Bay (Tables 3 and 4) have consistently taken large numbers of ringed seals (also see Taylor 1977, Stewart et al. 1986) . The traditional hunting range of the Inuit in eastern Hudson Bay included most of James Bay and the offshore islands to the north (Schwartz 1976 ).
Ringed seal catches appear to have declined considerably at some settlements in western Hudson Bay since the 1960s (Table 5 ). For example, only some 800 ringed seals were taken at Arviat (Eskimo Point) in 1976-77 compared with an estimated peak catch of about 3,000 during the 1960s and early 1970s (McEachern 1978) . The catch evidently continued to decline, with much lower estimates in the 1980s (Gamble , 1987a (Gamble , 1987b ; see Table 5 ). For the Keewatin region as a whole, including the seven communities of Baker Lake, Chesterfield Inlet, Coral Harbour, Arviat, Rankin Inlet, Repulse Bay and Whale Cove, the total catches of ringed seals in those same years were roughly 2,000, 1,100,2,500 and 2,400 (Gamble , 1987a (Gamble , 1987b , whereas the annual average number of skins traded in 1941-72 was about 3,750, with a maximum one-year total of almost 9,000 (Table 5; Smith 1975 ). An interview program at Repulse Bay in 1973 revealed that about 1,300 ringed seals were taken that year (Muller-Wille 1978) -two to three times the mean value for that settlement in the mid-1980s (Table 5) .
Ringed seals are rarely taken in southern Hudson Bay, but the James Bay Cree have traditionally taken small numbers ( c Calculated only from the data extracted from Gamble ( , 1987a Gamble ( , 1987b .
est-catch year) (Smith 1975) . The estimated total catch in the early 1970s by the five Cree settlements in Quebec was a little more than 900 per year, and this seems to have declined to about 550 in the mid-1970s (Table 6 ). The highest catches were at Chisasibi (formerly Fort George) and Kuujjuarapik (Great Whale River).
In northern Foxe Basin ringed seals have been taken in fairly large numbers at Igloolik and somewhat smaller numbers at Hall Beach (Stewart et al. 1986 , Donaldson 1988 Tables 4-6 and Stewart et al. (1986) , would be in the order of 12,500-14,000 ringed seals per year (including 5,000-5,500 for eastern Hudson Bay, 500-1,000 for the James Bay Cree, 2,500 for Sanikiluaq, 2,500 for Keewatin and 2,000-2,500 for Foxe Basin). Weihs et al. (1993) • Average number of sealskins traded/Maximal number traded in one year (Number of years with records).
b Smith's (1975) Table 3 includes under "James Bay" the catch data for Attawapiskat and Moosonee, both on the Ontario coast of the bay (see our Table 5 and Fig. 6 ). Also, Smith refers to Chisasibi as Fort George, to Wemindji as Paint Hills and to Waskaganish as Rupert's House. c Guaranteed Harvesting Level for northern Quebec Cree established in 198?
Labrador Seal hunting was a traditional activity all along the Labrador coast (Brice-Bennett 1977) . In many areas the ringed seal was the most important seal species for household consumption. Ringed seal meat was a popular local food (Mackey 1980 (Mackey -81a, 1980 (Mackey -81b, 1980 , and skin sales made a valuable addition to the local economy at least in the 1970s and early 1980s (Brice-Bennett 1977 , Boles et al. 1983 . The largest reported catches of ringed seals in the early 1980s were in Nain, Hopedale and North West River (Stewart et al. 1986 : their App. 6; Fig. 6 ). Totals for seven settlements between 1980 and 1984 ranged to as high as 1,925 in 1981, the only year with data for all seven sites. An estimated 650-900 ringed seals were taken per year in Lake Melville (mainly by people from Rigolet and North West River) during the late 1970s and early 1980s (Boles et al. 1983 ; Table 7 ).
Without indicating the source, Stenson (1994) reported annual catches of 1,036-2,561 seals, other than harp and hooded seals, in the Newfoundland/Labrador region from 1988 to 1992. Most of these were said to have been tak-NAMMCO Scientific Publications, Volum e I en in Labrador rather than Newfoundland, and 90% (= 932 to 2,305) or more of them were assumed to have been ringed seals (Stenson 1994) . According to Stewart et al. (1986) , the catch data from northern Labrador "are a collation of commercial sales and estimates of the domestic harvest made by Federal Fisheries officers."
Central Canadian Arctic (Kitikmeot) The Kitikrneot region includes seven main settlements: Bay ChimolBathurst Inlet, Cambridge Bay, Coppermine, Gjoa Haven, Holman (also formerly Read Island), Spence Bay and Pelly Bay (Figs 7 and 8, Table 3 ). Judging by sealskin returns through the 1970s, Coppermine and Holman have always been among the leading ringed seal hunting communities in Canada (also see Smith and Taylor 1977) . From 1973 to 1982, these two settlements sold an average annual total of 4,150 ringed seal skins (Stewart et al. 1986 : their App.8).
In Gjoa Haven, Spence Bay and Pelly Bay, the ringed seal has long dominated the local economy (Villiers 1969 ) although according to (Stewart et al. 1986 : their App. 8).
Foxe
In one year, from 1961 -62 to 1962-63, the hunters at Holman increased their sale of sealskins "with little effort" from 362 to 1,726 (Abrahamson et al. 1964:87) . A quarter of the 1,726 were silver jars. Abrahamson et al. (1964: 93) Smith (1973a) to document their claim that Holman had the highest L..-_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -'---I take per capita of ringed seals in the Treude (1975) , the decline of caribou in the mid-1930s forced the Netsilik Inuit of this region to intensify their hunting of ringed seals for subsistence. Small numbers of ringed seal skins were traded at Fort Ross before World War II and at Spence Bay after the war: 111 in two years at Fort Ross (1939 Ross ( -40, 1940 ; 1,056 in nine years at Spence Bay (1949-50 to 1957-58) (Villiers 1969: his Table 14 ). This fairly low rate of sales continued until the early 1960s, when it increased to about 2,300 per year for the three settlements combined (Villiers 1969: his Table 16 ). Catches in 1971 were estimated as 600 in Gjoa Haven, 1,200 in Spence Bay and 500 in Pelly Bay (Treude 1975) . The three settlements, combined, produced an annual average of only about 630 NWT. The reported catches for Holman were 1,115 in July 1986~June 1987 , 370 in July-December 1987 , 1,076 in 1988 (Fabijan 1991a ), 569 in 1989 (Fabijan 1991b and 1,372 in 1990 1,372 in (Fabijan 1991c . These numbers indicate a substantial decline in catch when compared with the trade statistics for Holman in the 1960s and 1970s (Table 3 ; also see Smith and Taylor 1977) .
Trade data for 1973-82 indicate an average annual catch of at least 5,000 ringed seals in the Kitikmeot region (4,869 skins traded; Stewart et al. 1986 : their App. 8), and catches reported by Jingfors (1984; see Stewart et al. 1986 : their App. 3), totaling 4,106 and uncorrected for incomplete hunter response, suggest that 5,000 is a reasonable figure for the total secured catch in Table 7 . Data on trade and catch of ringed seals in Labrador, 1972 -82. Source: Boles et al. (1983 Table 3 ) and only 74 from 1973 to 1982 (Stewart et al. 1986: their App. 8) . Recent reported catches were 475 in July 1986 -June 1987 , 152 in July-December 1987 , 151 in 1988 (Fabijan 1991a ), 463 in 1989 (Fabijan 1991b and 84 in 1990 84 in (Fabijan 1991c . It is probably fair to conclude that an annual catch of only about 500 ringed seals has been made in the western Canadian Arctic in recent years. Stewart et al. (1986:4-5) In the absence of a formal catch-monitoring system, harvest studies have been done on a piecemeal, regional basis. These generally have depended on a combination of hunter recall surveys, calendar diaries kept by participating hunters, trade data and direct observations (Stewart et al. 1986, Usher and Wenzel 1987 
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CURRENT STATUS OF CATCH RE-PORTING AND RECORD KEEPING
Beaufort Sea
The James Bay and Northern Quebec Agreement established "guaranteed harvest levels" (GHLs) for species including the ringed seal. GHLs were to have been based on harvest studies carried out in 1973-80. The GHL for Inuit of northern Quebec is 7,555 ringed seals (Makivik Corporation 1986) , that for the Cree of northern Quebec 723 (JBNQNHRC 1987) . Before any other use is contemplated, these specified levels of harvest by the Inuit and Cree must be assured. The actual reported harvest levels by the Inuit during 1973-75 and 1976-80 were about twice the GHL (Table 4 ).
The Western Arctic Land Claim Agreement includes provision for a harvest study. It was started after the agreement was signed and is now a continuing operation (Fabijan 1991a (Fabijan , 1991b (Fabijan , 1991c ,000, of which about 17,500 are Inuit, concentrated mainly in 27 communities. The agreement provides for a 5-year harvest study to establish "basic needs levels," with formulae for converting the harvest study results into those levels. The harvest study began in July 1996 and is continuing.
SEALSKIN SUBSIDIES AND HUNTER-SUPPORT PROGRAMS
Programs have been in place since the early 1970s to provide monetary support for hunters and trappers in the NWT (Ames et al. 1988) . The Incentive Subsidy Program, initiated in 1973-74, is still managed and funded by the territorial government. Hunters and trappers are paid a percentage of the market value of their produce each year, not including sealskins. The Outpost Camp Subsidy Program was introduced in 1976-77 by the territorial government. It provides grants for housing, heating fuel and transport of fuel to outpost camps. Under the Gasoline Subsidy Program, begun in 1981, the territorial governinent sends the hunter a check each year in the amount of 5% of the total value of his fur production (excluding polar bear hides).
Since the collapse of the market for ringed seal pelts after the EEC ban in 1982, territorial and federal agencies in Canada have taken further measures to encourage seal hunting by Inuit. The DFO began in 1982 offering hunters a premium of about C$6.00 on sealskins sold to the local HBC (Northern Stores) or co-operative shop or at auction (Stewart et al. 1986) . To qualify, the hunter had to sell at least ten skins, then apply to the program. Payments for all sealskins sold, including the first ten, were made in lump sums at the end of the fur year (1 July to the next 30 June). Because skins were almost worthless commercially at the time (in many cases < C$l.OO), and payment was deferred , often for months after the work had been completed (including the substantial effort by women to fix the skins), participation was low.
The NWT government offered an additional subsidy of C$5.00 per skin beginning in 1983-84. In 1985-86 it was specified that only ringed and harp seal skins were eligible for the sub-NAMMCO Scientific Publications, Volume I sidy. Participation remained low, and in 1986-87 only six hunters (out of a potential pool of about 110) at Clyde River applied for and received sealskin subsidies (Wenzel, unpublished data) . Stabler et al. (1990) 1990-91 ,874 in 1991-92,1,128 in 1992-93, 1,182 in 1993-94 and 839 in 1994-95 . The NWT's Fur Price Program, begun in 1995-96, was committed to purchasing up to 5,000 sealskins directly from hunters at C$30 apiece, ostensibly for auction (J. Stevenson, in litt. to Wenzel, 24 March 1995) . Most or all of the skins went to the sealskin tannery at Broughton Island, a subsidiary of Nunasi Corporation. Skins purchased under this program are now being sent to Nipissing, Ontario (Wenzel, unpublished data) .
Another support program, called the Nunavut Wildlife Harvester Support Program, was introduced in 1995 under the Nunavut Agreement. Nunavut Tungavik and NWT Renewable Resources each contributed C$15 million. The goal was to fund up to 260 hunters across Nunavut, at up to C$7,000 apiece, with the money to be used for major equipment purchases. Hunters had to apply to their local hunters and trappers organisation, which then ranked and forwarded the applications to the regional office in either Iqaluit, Rankin Inlet or Cambridge Bay. In 1995-96, 1,167 applications were received, and 260 awards were made (22% successful applications) (Anon. 1995-96) . (Photo: S. Leathelwood, NW.Creenland, 5 June 1988)
The Inuit of northern Quebec are eligible for the Hunter Support Program under the terms of the James Bay and Northern Quebec Agreement. The government of Quebec purchases "country food" (including seal meat) from hunters, then distributes it to beneficiaries who are unable to hunt themselves. The program also subsidises the purchase of equipment, such as boats, at the community level, to stimulate participation in hunting and increase the production of wild meat and other products (Ames et al. 1988 ).
The James Bay Cree, who take relatively small numbers of ringed seals « 1,000 per year), are encouraged to continue their hunting and trapping through the Income Security Program established under the James Bay and Northern Quebec Agreement (Weihs et al. 1993) .
CATCHING METHODS AND HUNTING LOSS
Ringed seal hunting has always followed a seasonal round, depending on ice conditions and seal availability. Many authors have described hunting methods in detail (e.g. Boas 1888, Manning 1944 , Bissett 1968 , Nelson 1969 , Usher 1971 , Wenzel 1991 (Damas 1972) . In spring, basking seals can be stalked, sometimes using a white "shooting screen" (taluak) (Fig. 9) . At the fast-ice edge, or floe edge, seals shot in the water are retrieved using small skiffs. In open water, hunting is done from motorized boats (usually freighter canoes) running on low power, with a rifle used to shoot seals in the water or on floating ice. In some areas, shooting is also done from shore, with a boat used for retrieval. Nets, deployed in open water or tide cracks, have been widely used in Canada (e.g. Bissett 1968 , Treude 1977 , but the proportion of the catch made by netting has generally not been large. At Grise Fiord, for example, only about 6% of the annual catch (1965 -72) was netted even though netting was found to be about three times more efficient than the most efficient hunt, in terms of man-hours invested per seal retrieved (Riewe and Amsden 1979) . Four nets are still being used at Clyde River, mainly to obtain seals for dog food (Wenzel, unpublished data) .
Hunting loss can be defined as the difference between the number of animals removed from the wild population as a result of hunting and the number actually retrieved by the hunters (Usher 1976b) . Catch records are generally given in one of three forms -kill, consumption or production -as defined by Usher and Wenzel (1987) . Unfortunately, the distinctions have often not been recognized or accounted for, and thus many data sets are subject to ambiguous interpretation. While hunting loss may be an irrelevant consideration in many social science studies, it is an essential concern in a resource assessment study (McLaren 1958) .
The shooting of seals at substantial distances is the cause of most hunting loss. The loss rate varies primarily according to seasonal changes in the specific gravity of seals (i.e. their fat content) and the salinity of surface water. Seals are fattest and the '!Vater most saline in winter, which means that the animals are much more prone to float at that season than they are during spring and summer. Seal buoyancy is directly related to the spring basking season, which in tum is related to latitude. Locality is also a factor, in that seals shot in river mouths are more likely to sink because of the relative freshness of the water there.
Few rigorous attempts have been made to estimate loss rates from field observations (see Davis et al. 1980 : their Table 12, Miller et al. 1982 Table XV) and at Lake Harbour (Kemp 1971) . Open-water hunting at Holman resulted in loss rates of 50% (Smith and Taylor 1977) . Loss rates in Cumberland Sound ranged from about 10% on the fast ice in spring (21 May-11 June) to 28% in open water in summer (12-31 July) (Haller et al. 1967: their While recognizing the extreme differences in loss rates according to season, locality and hunting technique, an adjustment of at least 10-20% should be applied to ringed seal landings to account for hunting loss (cf. Mansfield 1970:444) . When possible, the loss-rate adjustment should be weighted to account for known variability, by season and capture method.
SUMMARY AND CONCLUSIONS
In the absence of unbiased time series, trends in catch rates in Canada are difficult to characterise and interpret. The export value of sealskins has had an undeniable effect on the numbers of sealskins traded by hunters in the Canadian Arctic (Foote 1967 , Wenzel 1991 . However, it cannot be assumed that changes in skin sales have been mirrored by changes in removal rates or domestic consumption of seal products. For example, Wenzel (1991:70-74) analyzed the relationship between skin sales and catches by Clyde River hunters from the 1960s to mid-1980s. Until 1975, the volume of skin sales was about 25 % less than the landed catch. For a brief time in the mid-1970s nearly all the skins obtained were sold, amounting to about 3,400. Following the steep protest-linked decline in skin prices during 1976-78, however, the catch fell to its level of the early 1970s -about 2,000 seals per year, while trade volume steadily declined. The threshold level of some 2,000 seals was viewed by Wenzel (1991) as reflecting the subsistence need of the community, i.e. the local demand for seal meat and other products. Thus, as long as the hunters could afford to go sealing, they would try to approach this level of take regardless of skin prices.
The foregoing regional summaries provide a basis for judging the approximate scale of ringed seal removals in Canada as recently as the 1980s. Summing the estimates for all areas, the aggregate total is between 50,000 and 65,000 seals secured per year. Taking account of hunting loss, the lower bound would approach 60,000 and the upper bound 80,000. We conclude that the present-day annual kill of ringed seals in Canada is probably in the high tens of thousands. The kill almost certainly exceeded 100,000 in some past years when both the value of skins and the local household demand for seal products were high.
Local depletion of ringed seals may have occurred within the hunting radii of communities where exploitation has been intensive (Mansfield 1970) . The Royal Commission on Seals and the Sealing Industry in Canada cautioned that "the catches made in some areas prior to 1983 [may] have exceeded the sustainable yield, and the decline in sales of skins apparent in some areas in the mid-1960s [i.e. during a period of increasing sealskin prices] might be a sign of this" (Malouf 1986:161) . If this were the case, the commission reasoned, "resumption of catching at the 1970s level might see the col-
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lapse of some of these stocks." While past reductions in numbers of ringed seals in particular areas may well have been due to excessive offtake by hunting, the effects of natural variability in year-to-year production and pup survival cannot be ignored. Extreme annual variation in the density of ringed seals in the eastern Beaufort Sea and Amundsen Gulf, apparently due to differences in weather and ice conditions, has been demonstrated by survey and other data (Smith and Stirling 1975 , Stirling et al. 1977 , 1982 , Smith 1987 , Harwood and Stirling 1992 .
The Royal Commission acknowledged that great uncertainty surrounded the status of ringed seals throughout their range in Canada (Malouf 1986) , and this remains true more than a decade later. After analyzing kill rates and population estimates from surveys of fast-ice habitat, Finley et al. (1983) concluded that the hunting by Inuit off eastern Baffin Island was sustained, in part, by seals produced in the offshore pack ice of Baffin Bay (also see Miller et al. 1982) . Studies of ringed seal production in the pack ice may be necessary for a proper assessment of the sustainability of removal rates in western Greenland and eastern Canada.
